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Antimicrobial agents have been widely
used in aquaculture to treat infections by
a variety of bacterial pathogens of fish,
including Aeromenas hydrophila, Aeromonas
salmonicida, Edwardsiella tarda, Pasteurella
piscicida, Vibrio anguillarum, and Yersinia
ruckers. Yet as this industry expands, ques-
tions arise concerning the consequences
of this practice. Because these drugs are
administered by mixing them with feed
that is dispersed in the water, they di-
rectly dose the environment, resulting in
selective pressures in the exposed ecosys-
tem.! The emergence of antimicrobial
resistance following use of antimicrobial
agents in aquaculture has been identified
both in bacteria that are fish pathogens
and those that are not.'

A. salmonicida is an example of a fish
pathogen which, in many countries, is
frequently resistant to multiple drugs
commonly used in aquaculture. These
include sulfonamides, tetracycline,
amoxicillin,trimethoprim-
sulfadimethoxine and quinolones.®®
Often the first isolation of A. salmenecida
resistant to a specific antimicrobial agent
has been reported shortly after the intro-
duction of the agent into aquaculture.’
Similar correlations have been observed
with other fish pathogens.*

Several studies have assessed the im-
pact of antimicrobial agents used in
aquaculture on nonpathogenic bacteria
found in sediment and on fish farms. In
one study, bacteria resistant to antimi-
crobial agents used on specific fish farms

were isolated from sediment beneath the
shellfish “netpens” on those farms.” In
another study, resistant bacteria were iso-
lated from the intestinal contents of
natural and commercial fish species cap-
tured on fish farms. In contrast, no
resistant bacteria were found in the
intestinal contents of fish from un-

treated areas.®

Transfer of Resistance

Resistant bacteria that emerge as a re-
sult of antibiotic use in aquaculture can
transfer their resistance to other bacte-
ria. Many resistance determinants in fish
pathogens are carried on transferable R
plasmids.”® Horizontal spread of plas-
mids from fish pathogens may therefore
transfer resistance genes to other bacte-
ria, including those that are pathogenic
to humans.” This has been demonstrated
in bacteria in the water of fish ponds®
and in marine sediments.® Plasmids car-
rying resistance determinants have also
been transferred in vitro from fish patho-
gens to human pathogens, such as Vibrio
cholerae,)? and V. parahema]yﬁcus,u and to
potential human pathogens, including
Escherichia coli.'? Furthermore, plasmids
carrying multiple antimicrobial resis-
tance determinants have been transferred
in simulated natural microenvironments
between bacterial pathogens of fish, hu-
mans, and other animals.* Transference
of multidrug resistance occurred in Ec-
uador during the cholera epidemic that
began in Latin America in 1991. Al-
though the original epidemic strain of
V. cholerae (31 was susceptible to the 12
antimicrobial agents tested, in coastal
Fcuador it became multidrug resistant.
This epidemic began among persons
working on shrimp farms, where
multidrug resistance was present in non-
cholera vibrios that were pathogenic to
the shrimp. The resistance may have been
transferred to V. cholerae O1 from other
vibrios and may have conferred a selec-

tive advantage because of the local policy
of chemoprophylaxis. '

Humans who are exposed to aquacul-
ture settings may become infected with
bacteria in several ways. For example,
Vibrio spp., part of the normal warm ma-
rine flora, can cause wound infections in
persons with open cuts or abrasions ex-
posed to seawater or marine life.!”
Bacteria from the aquaculture ecosystem
may also be transmitted directly to hu-
mans through handling of fish. Recently,
the fish pathogen Streptococeus iniaecaused
invasive infections in persons who
handled store-bought aquacultured tila-
pia. The organism was isolated from the
aquaculture ecosystem and on fish in gro-
cery stores.'® Similarly, a new blotype of
V. vulnificus caused hundreds of serious
infections among persons handling live
tilapia produced by aquaculture in
Israel.'” Bacteria on fish may also be
transmitted to humans when the
aquacultured fish, or other foods that
have been cross-contaminated, are eaten.
V. parahaemolyticus, for example, is a com-
mon foodborne disease in Japan linked
to the consumption of aquacultured fin
fish.'® Furthermore, Salmonella, a typical
cause of foodborne disease, has been
isolated from aquacultured fish and
shrimp ponds.'*

S. typhimuriun DT104

Newly available molecular character-
izations of antimicrobial resistance
determinants provide further evidence of
the transmission of resistance between
aquaculture ecosystems and humans.
Some of the antimicrobial resistance de-
terminants in Salmonella serotype
typhimurium definitive type 104
(DT104), for example, may have origl-
nated in aquaculture. S. fyphimurium
DT104, which is typically resistant to
ampicillin, chloramphenicol, florofenicol,
streptomycin, sulfonamides, and tetra-
cycline, was first isolated from an ill



person in 1985 and emerged during the
19905 as a leading cause of human Sal-
monella infections. Tetracycline resistance
in S. typhimurium DT 104 is due to a class
G resistance gene.”” The class G resis-
tance determinant is rare and had not
previously been reported from Salmonella
isolates. It was first identified in 1981
in tetracycline-resistant isolates of
V. anguillarum, a pathogen of fish.?!
Furthermore, the recently described
novel florofenicol resistance gene floR,
in S. tvphimurium DT104, which also
confers resistance to chloramphenicol,
is almost identical by molecular se-
quence to the florofenicol resistance
gene first described in Photobacterium
damsela, another bacterium found in
fish. Again, this resistance gene is rare
and has not previously been found in
Salmonella isolates.? Finally, all the an-
timicrobial resistance determinants in
S. typhimurium DT104 are grouped aon
the chromosome within two distinct
integrons and an intervening plasmid-
derived sequence. The class G and floR
determinants are located within the
intervening plasmid-derived sequence.
By molecular sequence, the plasmid-
derived sequence is closely related
(94% identity) to a plasmid identified
in Pasteurella piscicida, a pathogen of
fish.?** These molecular characteriza-
tions strengthen the evidence that
antimicrobial resistance determinants
selected for in aquaculture ecosystems
can be transmitted to bacteria
that cause illness in humans, perhaps
at a greater frequency than previously
suggested.”*

These data demonstrate that use of
antimicrobial agents in aquaculture has
selected for resistance among bacteria in
the exposed ecosystems. This resistance
can disseminate through the environ-
ment and can be transmitted to a variety
of bacterial species, including bacteria
that can infect humans.
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